SEVERAL years ago I used to attend an old lady who had lost her sight from glaucoma and a great part of her hearing from middle-ear and labyrinth disease. A sensation she used to complain very strongly of was that she easily lost her sense of position. She did not know, for example, after she had been in a room for some little time, whether she was sitting with her face to the window or to the door, and so on, and the bewilderment and confusion arising therefrom frequently gave rise to awkward mistakes and even accidents. This history was recalled to my memory about two years ago by a similar complaint that fell from a medical man, who had become absolutely deaf in both ears as a result of auditory nerve disease. His observation was that after being in his darkened bedroom for some time he lost his sense of orientation, and had to grope about to find some familiar objects of furniture before he was able to realize exactly where he stood. The experience was all the more remarkable in that it was new to him. Previous to the destruction of his hearing his sense of orientation had been unusually good, and he had been able to find his way about in fog or in darkness with extraordinary confidence and certainty. Casting about in my mind for an explanation of these symptoms, it occurred to me that the cause might lie in the interference with the vestibular organ which so frequently accompanies serious labyrinth or auditory nerve lesions, and the inquiry which forms the theme of this paper was the result.
The sense of position or orientation, in man, obviously depends upon sensations received not from one, but from several sense organs. The most important is undoubtedly vision; the next is, probably, the muscular or kinaesthetic (sensation of movement) sense-if we may call it a sense. (Occasionally hearing and even smell may be employed, but for ordinary purposes, in man, at all events, they may be neglected.) Knowing what we do of the vestibular sense and of its reflex effect upon muscle tonus, together with its preponderant influence, under normal conditions, upon equilibration, we might expect that vestibular stimuli, also, would add to the sum of impressions upon which is formned the judgment as to our position relative to the outer world. In other words, arguing a priori, our sense of orientation, under normal conditions, must depend to some extent upon stimuli set up in the semicircular canals by turning movements of the head and body.
It would be well to remark, before going any further, that what is here termed the sense of position, or orientation, must be discriminated from equilibration or the maintenance of the body balance in all its many movements, which is, of course, very largely effected through the vestibular sense. In discussing orientation, or the sense of position, we are dealing with a function perhaps related to, but not to be identified with, that relating to equilibration. Certain observers go further than this, kowever. Cyon, for example, holds that orientation for near objects, which he refers to the vestibular sense, is inherently different from orientation for distant objects, and the latter he refers to other senses. That there is a difference between orientation for near and orientation for distant objects I agree, but surely it is a superficial and not an essential difference. In the case of near objects our judgment as to their position is founded upon sense-impressions from sight, touch, &c. And the same is true for distant objects, since the judgment as to their position relative to us is based upon sense-impressions of precisely the same nature. The fact that distant objects may be out of sight does not affect our judgment as to their relative position. Into the relationship between canalicular stimuli and our conceptions of space, the main thesis of Cyon's work, I, do not propose to enter.
The question we are debating, then, may be enunciated as follows: Does the memory (conscious or subconscious registration) of turning movements influence the judgment in forming its conception of our orientation towards objects, near or distant ? And if it does, are the direction and extent of the turning estimated by the vestibular sense as well as by the muscular sense? Experiments bearing upon the problem of orientation in man have been variously devised and carried out from time to time, and the pointing test used in the diagnosis of certain nervous diseases is an instance of the application of those tests clinically. In labyrinth disorders, however, I am not aware of any experiments that have been tried in man, save those of Alexander and Barany, and these were, for many reasons, imperfect.
Before proceeding to describe the experiments in man, I will first of all briefly touch upon the problem of orientation in animals.
ORIENTATION IN THE LOWER ANIMALS.
(I) The Insecta. It is well known that animals show signs of possessing a more keenly developed sense of position than does man, or, at all events, civilized man. And it seems to exist in animals comparatively low in the scale. Bees, for example, are able to wing their flight for distances of two, three, and even four miles from the hive. The simplest explanation of their faculty for " homing " is that it is effected either through the agency of sight or of smell, or of both. Experiments with ants, also, have shown that these insects possess an accurate sense of their position relative to the nest, and this also some observers have attributed to olfaction.
(II) Fish. The habits of fish are not sufficiently well known to enable us to estimate their powers of orientation precisely; but that fish do possess these powers is evident from such facts as that a salmon returns for spawning purposes to the river in which it was hatched.
(III) Birds. Birds manifest a keener sense of position than any other animals. This is seen first of all in their migratory habits, and secondly in their homing instinct, the latter being, of course, a phase of the former.
Birds are the most migratory of all anirnals. In Britain there are mnany wandering species, some leaving the island for the south in the autumn, others coming from countries farther to the north or east in order to winter in England. The journey from one abode to another sometimes occupies, it is said, as much as eighty or ninety days, and necessitates flight across seas like the Mediterranean or the North Sea. The course of their flight is not accidental or fortuitous, but, it would seem, bears evidence of determination and even of foresight. The subject has been studied in connexion with swifts and swallows, but so far without indicating the exact nature of the invisible thread that will draw from Algiers the same pair of swallows back to nest in the same window in the same English house, one year after another. Visual guidance, when we are dealing with journeys across the featureless ocean, is obviously out of the question, and so during flight is the muscular sense, and there are therefore only two other senses which require consideration. One is olfaction, the other is the sense of direction based upon past vestibular impressions.
In favour of olfaction is the often-recorded fact that land birds on their trans-oceanic flight will often perch about the rigging of a ship for several days; they leave the ship, however, before land is sighted, probably sensing the smell of the land in off-shore winds. On the other hand, although olfaction may be given a place in the scheme, it is unlikely that olfaction is the chief or only factor. Otherwise, a veering round of the wind when the birds are over the sea would remove their guide and leave them lost and helpless. Thus, by a process of exclusion, we are led to say that the birds must travel under some influence other than sight, olfaction, and the muscular sense, some sense-impression which is to them what the compass is to the sailor.
The same problem is even more distinctly seen in the case of the "homing " pigeon, and as this part of the subject has been investigated with some care, albeit so far without any definite or general agreement, it may be well to consider some of the theories which have been propounded to account for the instinct. Visual guidance undoubtedly plays a considerable role. This is evident from the fact that pigeons are not trusted by fanciers to find their way home if the distance is great, until they have been carefully trained, first by short and then by longer and longer flights, always in the same direction. That is to say, that if a flight of two or three hundred miles is to be accomplished, the birds are taken only a short distance from home to begin with. In subsequent training flights the distance is gradually lengthened until the requisite point has been reached. The necessity for such training clearly shows that, when speed is required, at all events, visual guidance is solely relied upon. Moreover, it is a fact familiar to pigeon-fanciers that if the weather is misty or foggy, the birds are very apt to lose their way; at all events, they do not return to the dovecot, or their return is delayed for several days. Thus vision is the most reliable guide for the homing pigeon. But is it the sole guide ? Do circumstances ever arise in which the pigeon reaches home independently of things seen. Certain experimental results and considerations suggest, as in the case of migratory birds, that vision is not invariably the sole guide.
Thauzies has pointed out that when a pigeon is liberated some distance from a familiar landscape, it must soar to a great altitude before it can catch sight of a familiar landmark. But soaring does not occur. As a rule, after circling round the spot of liberation, the bird gradually makes a trend in the homeward direction, and then with some precipitancy finally disappears in that direction, flying a definite and seldom interrupted course. In this connexion one of Schneider's experiments may be cited. He took a number of pigeons from home, some with the head and eyes covered, and others with the head uncovered, so that they could see the country they were passing through. All were, of course, uncovered when released. Curiously enough, it was found that the birds which reached home first were those whose heads had been covered on the outward journey. Schneider considers that his experiments favour exclusively the visual theory. But it is difficult to make the following result fit in with that theory. When he trained pigeons to fly in an E.N.E. direction and then liberated them at a spot E.N.E. of the dovecot, they flew E.N.E. on liberation and not W.S.W., as they ought to have done in order to reach home, and as they would have done had they depended solely upon vision.
Exner endeavoured to confuse pigeons by rotating them frequently on the outward journey and even by narcotizing them, but in spite of all his efforts the homeward journey was successfully accomplished. But he does not make it clear whether the journey was an old and familiar flight or not. It is obvious that sources of fallacy in experiments such as these must be very numerous, and should be carefully excluded.
Cyon thinks that the sense organ of orientation in birds is situated in the nose, but he does not seem to regard it as being olfactory in nature.
Finally, attempts have been made to settle the question by blinding pigeons or by destroying their semicircular canals. The attempts failed, however, because pigeons so mutilated cannot be induced to fly for any distance at all.
We are thus reduced to a condition of agnosticism so far as experimental results are concerned. It is probable that properly constituted experiments designed to test the various faculties in succession, and carefully guarded against fallacies, have never yet been performed. If homing depends upon a combination of sense-impressions, as is most likely, then conditions which render difficult visual guidance may not interfere with olfaction or the vestibular sense, and so on.
So far as the results go, they tend to show that (a) visual memories play an important part, but that (b) they do not play the sole part in directing the course to be flown.
Is there any direct evidence that the unknown sense which guides migratory birds across the seas and pigeons across unknown country is the vestibular sense ? There is not. The great development of the semicircular canals in birds may be referred to the necessities of careful balancing during flight. On the other hand, that there must be some unknown sense is certain, and that this unknown sense may be a finely organized vestibular system, as exquisitely developed as is the olfactory sense in dogs, is quite possible. On this assumption we can explain the general direction given to the birds' flight, like a captain who sets the course of his vessel, while as the bird nears familiar country and has to pick its way among particular details, sight and olfaction will supply the special direction of the flight, like a pilot who guides the vessel in and out among the shoals and currents of the home channels.
[Since the above was written I have been able, through the kindness of Mr. J. Lewis Bonhote, to obtain some recent information on the migration of birds, which is germane to the points we are considering. A considerable amount of work has been done by the late Herr Giitke on the Island of Heligoland, and the observations made by him and others show that in making their migratory flights the birds travel by night at a height often of 12,000 ft. above the earth's surface, and that they cover great distances in a single flight, even as far as from Africa to Heligoland. These facts, if facts they prove to be, are, of course, adverse to the theory of visual guidance. A series of experiments conducted by Professor John B. Watson, of Chicago, tend also to disprove the visual theory. Fifteen marked Noddies and Sooty Terns were taken from Bird Key, Tortugas, and released at distances varying from 20 to 850 statute miles. Thirteen of them returned to the Key, and among these were several birds which had been taken by steamer as far north as Cape Hatteras before being freed. The importance of this experiment may be estimated from the following circumstances: neither the Noddy nor the Sooty Tern ranges, as a rule, north of the Florida Keys. Thus the individuals tested had probably never been over the route before. Moreover, the route they were compelled to take excluded, it is said, the possibility of the guidance being effected by the wind. Finally, the absence of landmarks over the greater part of the journey rendered visual control an improbability.
See We turn now to pedestrian animals. Experiments bearing upon the sense of orientation in rats have been carried out by Harvey Carr and John B. Watson. The animals were given the run of a small maze and the senses of smell and sight were eliminated. On shortening or on lengthening the runs of the maze, it was found that the rats overran the distance in the former, and made the turn too soon in the latter case. The movements were, therefore, guided by the memory of former muscular movements. On the function of the vestibular organ no light was thrown. Domestic animals such as cats and dogs have often given surprising instances of the successful exercise of the homing instinct, and the same is true of horses. Many of these stories cannot be explained save on the assumption of the existence of some sense much more acute than man possesses.
ORIENTATION IN MAN.
Most people will agree that the powers of orientation vary very much in degree in normal human individuals. And this is borne out by my experiments. Further, as far as conscious self-analysis is concerned, the sense of position would seem to depend upon the results of a combination of visual, tactile (or kinesthetic), and perhaps also vestibular impressions. That we rely largely, and even in some people exclusively, upon visual observation is proved by the familiar fact that in places where a sameness of visual objects occurs (in Tube stations, circular rooms, &c.), we readily lose our sense of position, the loss being accompanied by a curious feeling of detachment and bewilderment almost amounting to vertigo. At the same time there are many individuals, even in civilized communities, whose sense of position is alinost or entirely independent of vision. Such people are seldom or never at a loss even in strange localities, and at night or in fog and mist.
To turn now to the experiments bearing upon the sense of position in man. The object I had in my mind was to ascertain, if possible, whether or not the vestibular organs exercise any influence upon our sense of position. The difficulty was to devise an experiment which would exclude, or minimize, the influence of the other senses, and more particularly the muscular sense. We have already seen that the muscular sense must be at its lowest point of activity in the flying of birds, and the nearest approach to birds' flight in the case of a man is the act of swimming. In this connexion James's interesting statement may be recalled, as to the difficulty deaf-mutes experience in orientating when swimming under water. The experiment of blindfolding deaf-mutes in whom the vestibular sense is inactive should be repeated, as doubt has been thrown upon James's statement. In swimming, stimuli from tactile and kinesthetic sources must be practically in abeyance, and I imagine that swimming experiments upon deaf-mutes would be crucial so far as information upon the part played by the vestibular organs in orientation is concerned. Experiments such as these being inapplicable, I carried some out upon people standing and walking, and in them, therefore, the muscle sense could not be eliminated. But by testing people in whom rotation and the caloric tests showed the vestibular sense to be defective or absent, and comparing them with the normal, I tried to determine whether or not the muscle sense was influenced by sensations derived from the semicircular canals.
The experiments are carried out as follows: A large quiet room is selected and the subject, carefully blindfolded, is made to advance to an object placed 16 ft. in front of him, and the deviation to one or other side is noted. (The normal shortness of one leg compared with the other is insufficient to interfere with the test.) The subject then returns to the original standing place and is made to execute turning movements, and after each turn he again walks toward the distant object, and the deviations are noted. Thus he takes a quarter, a half, and a complete turn to the right and to the left respectively. Having examined a number of normal individuals in this way, I proceeded to carry out the same experiments upon people in whom the usual tests showed the vestibular system to be more or less impaired. Twenty-two people in all were tested-nine normal, nine with an impaired vestibular system, and four in whom no response to the vestibular tests could be evoked. The results were not altogether definite, as might perhaps have been expected. To begin with, considerable variation was found in normal individuals. After complete turns, for example (executed slowly so as to avoid vertigo), deviations of 4, 12 and even 18 ft. were noted. People with a naturally keen sense of direction responded most accurately. Variations in the same individual at different times were also found, but not to any very striking extent. In people whose vestibular system was impaired, but not altogether inactive, a similar latitude of variation was found, but these people, almost without exception, showed wider deviations than normal individuals did, and several were incapable of making complete turns. In the four patients with entire absence of vestibular response and, of course, with coiimplete deafness, one showed considerable deviation (20 ft. to right after " complete turn " to left, and 14 ft. to left after " complete turn" to right), but two of the others responded like normal individuals, very much to my surprise.
The number tested is, of course, too scanty to permit of anything more than an impression. But the difference between the " normal" and the " impaired " cases is, I think, sufficiently striking to justify us in holding that canalicular stimuli do influence our sense of position. It is probable, however, from my results in cases with absence of vestibular response, that these stimuli are dispensable and that the nervous system can accustom itself to their absence. The great errors made by patients with " impaired " vestibular reaction muay possibly be due to the passage of irregular stimuli from the canals to the nervecentres. It is obvious that the moment when stimuli from the canals will chiefly be relied upon will be when the subject is sitting or lying still with closed eyes. In normal individuals the constant or almost constant flow of stimuli from the canals will on such occasions serve to keep the sense of orientation awake or active. But in people with defective or absent vestibular systems the absence of this constant and regular stimulus, slight though it may be, will, *when the visual and kinaesthetic sensations are in abeyance, produce the sense of bewilderment or confusion which attends the loss of orientation. In this way we may explain the symptom experienced by Mr. Macleod Yearsley's case reported in the Lancet of February 17, 1912, as well as of the feeling of loss of the sense of position in the two cases I alluded to in the introduction to this paper. Obviously, the symptom may be found in cases both of complete and incomplete vestibular destruction, but in the former it will probably tend to disappear.
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DISCUSSION.
Professor PRITCHARD said it was now thirty-five years since he was first interested in this subject by a practical experience. Four pedestrians, of whom he was one, lost their way in a mountain cloud. Three of them were brothers. A compass was used to get the direction, and it proved to be the opposite to what each thought it to be. They fixed their direction and walked on, and then fixed it again. All the three brothers worked round to the right, and the fourth worked to the left; and that was done over and over again. The experiment was an advantage in that it was light, and yet sight played no part. He felt certain it was vestibular, and it showed that all persons were not equally balanced in the matter of orientation; there was a tendency to go either to one side or the other. It explained the fact that a man when lost in the bush usually went round in a circle. He was much interested in Dr. McKenzie's contribution, and if what he said was correct, the birds alluded to were much better off than human beings in their sense of position.
Mr. MACLEOD YEARSLEY alluded to a paper recently read before the Neurological Section by Dr. Golla,7 who had been doing a series of experiments on space perception in man. The author and he did some of those experiments upon congenitally deaf children, and upon some totally deaf children who owed their deafness to congenital syphilis. Their conclusions were somewhat indefinite, because the results of the experiments, like those of Dr. McKenzie, were not very definite. But in some ways the results were rather surprising, because some of the children, who could not be made giddy on a turntable, although spun round for a quarter of an hour, were able to walk blindfold straight across the hall, a distance of about thirty yards. With regard to orientation in lower animals, he did not see any reference in Dr. McKenzie's paper to the accurate work of Dr. Forel, who some years ago published a number of experiments of his own on the homing instincts of birds, bees, and ants. He had shown to his own satisfaction that the homing instincts of bees are probably due to the sense of sight, and in ants to their antennary sense. He believed that homing pigeons orientated themselves largely by sight, and he instanced the experiments of Cyon, who carried pigeons to a distance of 70 kilometres. Some of these pigeons had their ears closed with collodion and wool, and others had the nose similarly occluded. Those with the closed ears returned first, and those with the closed noses were four days longer, and only returned when the collodion disappeared. By this means he concluded that homing pigeons got home by means of smell. Forel maintained that pigeons orientated themselves by the sense of sight, and said that the terrestrial creatures like ourselves had no conception of the enormous field of vision which birds must have. Now that man had taken to aeroplaning he might be better able to appreciate this. Dr. McKenzie did not seem to believe much in the theory of visual guidance, and he did not know whether he had reflected upon the tremendous field of vision possessed by a bird flying thousands of feet above I Proceedings (Neur. Sect.), pp. 123-36. the surface of the earth. It was well knownl that vultures seemed to appear from nowhere when there was carrion in the desert, or there had been a battle, and those who had watched seabirds fishing would appreciate the keenness of their sight. Dr. H. J. DAVIS said he was much interested in the passages in the paper dealing with orientation in fish. It seemed to be that the lower down in the animal scale one went the better was the orientation. The salmon was low in the scale, but as was pointed out, it would return for spawning purposes to the place where it was hatched. Salmon not only found again the estuary of the main river in which they were born, but they would re-traverse the same river and the same tributary of that river to get there; and they were said never to go beyond the spawning bed on which they were hatched. It was found that some salmon did not return every year to spawn, but only every third, fourth, or even fifth year, and yet they would go up the same stream to do so. It was said that they judged largely by the temperature of the water, but as that was not uniform at the same time of the year he did not agree with that. Mr. Hutton had done some remarkable work by microscopic examination of the scales of salmon in the Welsh Wye River, and he could ascertain thereby the age of a fish and say whether it had spawned or not, and also when. He did not see how the accuracy of the return of the fish could have anything to do with the semicircular canals; the fish must have some instinct which humans have not. Darwin, he thought it was, related the story of a man who had retained some wild geese which, with one exception, were allowed to escape at the migration season. The wings of one bird were clipped, and it then was allowed to escape, and it was found afterwards tramping down the road in the same direction as that in which the others had flown.
Mr. WAGGETT said he would like to know what the authorities had to say wvith reference to the sense of the north, which was very definite in some, but was not common to all. He had himself an innate knowledge of the north perfectly well defined, except when he was out of health. He assumed that pigeons possessed that sense more keenly then human beings. His impression was that many of the sensations upon which men relied in their daily life were things which had not been analysed and which were not yet understood.
Dr. DUNDAS GRANT considered that the paper was to be commended in many ways, and particularly for the frankness and honesty with which the author had detailed the results of his experiments. Those experiments might support certain views, but he had not tried to make too much of them. He hoped Dr. McKenzie would be induced to carry his work further. In the cases where deviations had taken place, he asked whether he meant one vestibule was impaired, or both. Most of the people who were tested deviated to the left, and that he (the speaker) considered a physiological condition. There were some people who could sleep east and west, but who felt they could not sleep north and south. Birds might have the same sensitiveness to the earth's magnetism. With regard to whether animals possessed senses which we did not, or whether certain senses in them were more highly developed, it seemed to have been made out by the discussion that homing birds had an enormously wider raruge of vision than man, and the comparison was something like that of the geography of a child born and living in a poor part of London compared with that of a man owning a motor car who made considerable use of it. Snails possessed the capacity of knowing of the presence of another sympathetic member of their species at a considerable distance, even if enclosed in a box. No doubt the vestibular sense helped in so far as it indicated changes of movement or position on the part of the individual his orientation-but its share in the choice of direction in migration could be only a small one. The CHAIRMAN (Mr. Hugh E. Jones) asked whether Dr. McKenzie considered, as the result of his experiments, that the complete ablation of the semicircular canals brought one back nearly to the original state-i.e., whether he had made a marked distinction between impairment and ablation. Must one consider that ablation was not a serious injury? He took it that in cases of impairment, confused stimuli were sent up to the centre for orientation, whereas when the canals were completely absent there were no stimuli at all, and the judgment was not interfered with. Could members console themselves when they had ablated a labyrinth that they had not deprived the patient of an essential organ?
Dr. McKENZIE, in reply, said most of the points which had been raised would be found to have been answered in the paper. The question of space perception was another chapter in the same subject. He did not agree with Cyon that the whole of our idea of space perception was dependent on the canals; he believed sight had much to do with it. Mr. Yearsley's experience with children with vertigo was borne out by his own experiments, and that answered the Chairman's question about ablation. He believed that ablation removed abnormal stimuli, and orientation by vision and also by the muscular sense became extraordinarily perfected. In that way the person was able to dispense with the labyrinth. The sense of the position of "the northb" was another way of expressing the sense of orientation, and it no doubt depended largely on the points he had touched on in the paper. When he referred to " ablation " of the labyrinth or "impairment" of it, he meant both labyrinths.
The Voice-raising Test with Barany's Noise Machine. DR. GRANT showed a patient with complete bilateral deafness on whom he demonstrated the effect of Barany's noise machine. In the case of Fellows of the Section with normal hearing, the application of the machine to either ear during the process of their reading aloud
